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（1）象山港海洋牧场生物的 δ15N 值范围为 5.43~12.02‰，营养级位于
1.17~3.64 之间，营养级最低的是栉江珧（Atrina pectinata）为 1.17，最高的是
纹缟虾虎鱼（Tridentiger trigonocephalus）为 3.64，营养级相对于国内其他海域
的研究结果整体偏低。对不同种鱼类在不同体长下的营养等级分析发现鱼类随
着体长、体重的增加其 δ15N 值和营养级也相应的增大。 
（2）Ecopath 生态模型包括初级生产者、碎屑组等 21 个功能组，各功能组
的有效营养级范围在 1~4.02 之间；生态营养效率除初级生产者、棘皮类、碎屑
组较低外，其它功能组的 EE 值都较高。 
（3）象山港海域生态系统的整数营养由 I-XIII 组成，生态系统的能流主要
分布在 I-VI 营养级，其能量流动及生物量的分布都呈金字塔型；各营养级的平





























未被有效利用；TB/TT 为 0.002，说明生态系统成熟度低，稳定性差；Finn's 循
































Xiangshan Bay is a narrow-based and semi-enclosed harbor which located in the 
central coastal of Zhejiang province. It is an important aquiculture area of Ningbo 
City.  The Bay has a surface area of 563.3 km
2
, the water surface area is 391.76 km
2
, 
and the intertidal area is 171.53 km
2
. The bay had a good ecological environment, 
high diversity of habitat types and abundant food organisms which provided a good 
reproduction and nursery places for different species. However, in recent years by the 
impact of overfishing, ocean development and aquaculture, the environmental 
degradation become more and more obvious, fishery resources are becoming 
recession. By building marine ranch and restocking suitable species to supply wild 
populations, improve and optimize the structure of food webs, so as to achieve the 
conservation of living aquatic resources and aquatic ecosystems restoration is an 
important means of living marine resources conservation. Selecting appropriate 
species according to the theory of the ecosystem, estimating the practical restocking 
quitities of the system is the first problem to be solved. Stable N isotope technology 
was employed to study the trophic level of marine creatures in Xiangshan bay, 
additionally a trophic model by Ecopath with Ecosim of Xiangshan Bay was 
structured to assess the maturity and stability of the ecosystem. Selecting a suitable 
restocking species and esmating ecological carrying capacity of species based on the 
results of Ecopath model.  
the main results were showed as follow: 
(1) The δ
15
N value of Xiangshan bay ranged from 5.43‰ to 12.02‰, trophic 
level was between 1.17 to 3.64, the lowest was Atrina pectinata (1.17), the highest 
was Tridentiger trigonocephalus (3.64), the trophic level was generally low relative to 
other domestic waters. Analysis on trophic levels of different fishes under various 
body length found that the δ
15
N value and trophic level have a corresponding increase 
with the increasing of fish body weight and length. 
(2) The Ecopath model contained 21 functional groups which include primary 















ranged from 1 to 4.02; the EE values were relatively high except the primary 
producers, echinoderms and dedritus. 
(3) Xiangshan bay ecosystem consisted of 13 integrated trophic levels. Flow was 
mainly distributed at I-VI trophic levels. Biomass and flow decreased when 
transmiting through trophic levels and could be described in the form of pyramids. 
The average transfer efficiency of the ecosystem was 13.1%. The total throughput of  
the ecosystem was 25047 t/km
2
/y. Flows from primary producers and dedritus 
accounted for 49.8% and 50.2% of the total throughput, indicating that detritus food 
chain slightly higher than grazing food chain. 
(4) Prey overlap index and predator overlap index were studied with Ecopath 
model. The max prey overlap index was between benthic molluscs and polychaetes; 
fugu and sciaenidae groups had higher predator overlap indices. The highest niche 
overlap index was between tonguefish and sciaenidae groups. 
(5) Mixed trophic impact analysis showed that: detritus and phytoplankton had 
positive impact on almost all otherfunctional groups. Zooplankton had negative 
impact on primary producers, but generally had positive impact on other groups of the 
ecosystem. Piscivorous fishes had negative impact on most fishes groups. Zoobenthos 
groups had negative impact on each other. Benthic mollusk had negative impact on 
primary producers and detritus. Echinoderms had negative impact on most groups. 
Shrimp had positive impact on most groups especially on planktivorous fishes. 
(6) Piscivorous fishes had highest keystone index in the ecosystem which 
corresponding to the general characteristics of most waters, keystone species were 
always the top predator species which had top-down effect. 
(7) The total throughput of  the ecosystem was 25047 t/km
2
/y and most of the 
throughput wasn’t feeding by other creatures. TPP/TR value was 38.583, indicating 
that plenty of primary productivity weren’t utilized efficiently by ecosystem. TB/TT 
value was 0.002, indicating that the ecosystem has a low maturity and poor stability. 
Finn’s cycling index and Finn's mean path length were relative low which were 
0.47% and 2.044.  















and detritus such as mollusks like blood clam and atrina pectinata, etc as stock 
enhancement species in the early stage. The ecological carrying capacity of mollusks 
stock enhancement which was estimated by the Ecopath model was 49.815 t/km
2
.  












































总面积 563.3 平方公里，海域面积 391.76 平方公里，滩涂面积 171.53 平方公
里。港内港深水清，纵深 60 多千米，一般水深在 10~15 米。象山港暖湿多雨，
属亚热带季风区，四季分明，温度范围-7.5~38.8 ℃，年平均气温 16.2~17.0
 ℃，年平均降水量 1239~1522 mm，年蒸发量 1417~1503 mm。海水年平均温度
16.4 ℃，透明度 0.1~2.8 m（尤仲杰，2011）。港内浮游植物与浮游动物种类丰
富（张海波，2005；刘镇盛，2004；江志兵，2012），为次级消费者提供良好的














年，整个象山港海域都处于富营养化状态，2007 年枯水期 E 值（富营养指数）
最大为 12.68（罗益华，2008）。研究表明电厂建成后，各生物类群在种类数上
都出现了下降，从 2005 年到 2008 年，浮游植物种类数由 71 种下降到的 39 
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